Graphene and its nanocomposites are showing excellent potential in improving the catalytic performances of different materials. However, the synthetic protocol and its form, such as graphene oxide (GRO) or highly reduced graphene oxide (HRG), influence the catalytic efficiencies. Here, we present, a facile synthesis of graphene oxide (GRO) and ZrO x -MnCO 3 -based nanocomposites [(1%)ZrO x -MnCO 3 /(x%)GRO] and their outcome as an oxidation catalyst for alcohol oxidation under mild conditions using O 2 as a clean oxidant. The ZrO x -MnCO 3 /GRO catalyst prepared by incorporating GRO to pre-calcined ZrO x -MnCO 3 using ball milling showed remarkable enhancement in the catalytic activities as compared to pristine ZrO x -MnCO 3 , ZrO x -MnCO 3 supported on HRG or ZrO x -MnCO 3 /GRO prepared by in-situ growth of ZrO x -MnCO 3 onto GRO followed by calcination. The catalyst with composition (1%)ZrO x -MnCO 3 /(1%)GRO exhibited superior specific activity (57.1 mmol/g·h) with complete conversion and >99% selectivity of the product within a short period of time (7 min) and at a relatively lower temperature (100 • C). The catalyst could be recycled at least five times with a negligible decrease in efficiency and selectivity. The catalytic study was extended to different aromatic as well as aliphatic alcohols under optimized conditions, which confirmed the efficiency and selectivity of the catalyst.
Introduction
Catalytic oxidation of alcohols into respective aldehydes and ketones is a pivotal reaction in organic syntheses, because it produces valued precursors in agrochemicals, food processing, confectionary, fragrances, dyestuffs, insecticides, flame-retardants, and pharmaceuticals industries [1, 2] . Conventionally, alcohol oxidation has relied on the utilization of toxic and corrosive stoichiometric inorganic oxidants, like chromium oxides, hypochlorite, Dess-Martin periodinane, or permanganate. These are usually costly oxidants and suffer from the generation of significant amounts of hazardous wastes, such as CrO 3 , Na 2 Cr 2 O 7 , SeO 2 , RuO 4 , NaClO, KMnO 4 , and PCC [3, 4] . In order to reduce the toxic waste, selective alcohol oxidation reactions are carried out using molecular O 2 as a terminal
Results

Characterizations
The crystallinity of the prepared materials was monitored using X-ray diffraction (XRD). To compare, the XRD patterns of pure graphite, GRO, (1%)ZrO x -MnCO 3 , and (1%)ZrO x -MnCO 3 /(1%)GRO are displayed in Figure 1 . Pristine graphite exhibits a sharp peak at 2θ of 26.5 • , which is ascribed to the (0 0 2) crystal plane of stacked carbon layers with a d-spacing of 3.41 Å [36] . In case of GRO, a wide distinct reflection at 2θ (11.8 • ) is a characteristic reflection of GRO. The disappearance of the reflection at 2θ of 26.5 • confirms effective oxidation of graphite to GRO using the Hummer method [37] . This shift led to an increase in the d-spacing from 3.41 to 4.85 Å for graphite and GRO, attributed to the inclusion of various O-carrying groups on the surface [38] . The XRD pattern of (1%)ZrO x -MnCO 3 without graphene support matches well with the certified data of rhodochrosite manganese carbonate (JCPDS No. 1-0981) in addition to the peaks marked with stars due to the presence of ZrO x [39] . In the case of (1%)ZrO x -MnCO 3 /(1%)GRO nanocomposite, the reflection at 2θ of 11.8 • , in addition to the reflections of rhodochrosite manganese carbonate, confirms the formation of nanocomposites.
Catalysts 2019, 9, Various metal or metal oxide NPs, such as Au [24] , Pd [25] , Fe2O3 [26] , Co3O4 [27] , and ZnO [28] , have been immobilized onto GRO nanosheets, which exhibited outstanding catalytic activity and selectivity. In particular, graphene oxide-based metal or metal oxide nanocomposites are utilized as an efficacious oxidation catalyst for the oxidation of numerous organic moieties, such as alcohols [19, 29] , cyclohexane [30, 31] , amines [32] , olefins [33] , benzene [34] , and ethylbenzene [35] . In all these catalysts, the GRO support was found to play a key role in the effectiveness as a catalyst both from the architecture to the functional level.
In this contribution, we report on a facile preparation of GRO-ZrOx-MnCO3 NPs-based nanocomposites synthesized by mixing GRO with pre-calcined ZrOx-MnCO3 using ball milling. The ball milling helps to reduce the size of nanoparticles and prevents agglomeration. The as-synthesized catalysts are tested for the selective oxidation of a various kinds of alcohols to comprehend the effect of graphene oxide in the catalyst system (Scheme 1). To the best of our knowledge, this is the first study using ZrOx-doped MnCO3-supported GRO as catalyst for the oxidation of alcohols and particularly, highlighting the role of GRO as a support material. At the end, we will also present a short comparison of the role of GRO or HRG as a support material (with reference to our previous experience).
Results
Characterizations
The crystallinity of the prepared materials was monitored using X-ray diffraction (XRD). To compare, the XRD patterns of pure graphite, GRO, (1%)ZrOx-MnCO3, and (1%)ZrOx-MnCO3/(1%)GRO are displayed in Figure 1 . Pristine graphite exhibits a sharp peak at 2θ of 26.5°, which is ascribed to the (0 0 2) crystal plane of stacked carbon layers with a d-spacing of 3.41 Å [36] . In case of GRO, a wide distinct reflection at 2θ (11.8°) is a characteristic reflection of GRO. The disappearance of the reflection at 2θ of 26.5° confirms effective oxidation of graphite to GRO using the Hummer method [37] . This shift led to an increase in the d-spacing from 3.41 to 4.85 Å for graphite and GRO, attributed to the inclusion of various O-carrying groups on the surface [38] . The XRD pattern of (1%)ZrOx-MnCO3 without graphene support matches well with the certified data of rhodochrosite manganese carbonate (JCPDS No. 1-0981) in addition to the peaks marked with stars due to the presence of ZrOx [39] . In the case of (1%)ZrOx-MnCO3/(1%)GRO nanocomposite, the reflection at 2θ of 11.8°, in addition to the reflections of rhodochrosite manganese carbonate, confirms the formation of nanocomposites. Thermal gravimetric analysis (TGA) was performed to identify the thermal stability of the (1%)ZrOx-MnCO3/(1%)GRO nanocomposite and was compared to the thermal behavior of the Thermal gravimetric analysis (TGA) was performed to identify the thermal stability of the (1%)ZrO x -MnCO 3 /(1%)GRO nanocomposite and was compared to the thermal behavior of the precursors, like pure graphite, GRO, and un-supported catalyst (1%)ZrO x -MnCO 3 , as displayed in Figure 2 . Samples were heated from room temperature (RT) to 800 • C with a heating rate of 10 • C/min under an inert atmosphere. The TGA results apparently illustrated that the thermal stability of GRO is much lower than graphite owing to the presence of O-carrying functional groups on the GRO surface. The TGA thermogram of graphite exhibited a weight loss of approximately 1% [40] . On the contrary, GRO was found to be thermally unstable, wherein at 100 • C, it starts to lose absorbed moisture and volatile impurities. Approximately 43% of the weight was lost in the range of 200 to 370 • C, which could be due to pyrolysis of the oxygenated groups [41] . In comparison, the (1%)ZrO x -MnCO 3 on the GRO support showed a much improved thermal stability. The overall weight loss, i.e., 11%, in the range of 370 to 800 • C [42] could be attributed to the thermal degradation of GRO upon exposure to an increase of temperature. This data is consistent with an earlier reported study [43] .
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Schematic representation of BzOH oxidation using O 2 catalyzed by the as-obtained nanocomposite.
The catalytic efficiency of the oxidation catalyst can be fine-tuned using graphene as the support and an effective promoter [29, 50, 51] . In our former publication, we found that zirconia was found to be a perfect promoter for manganese carbonate, and the (1%)ZrO x -MnCO 3 catalyst calcined at 300 • C showed a superior catalytic performance towards selective oxidation of alcohols using O 2 as a clean oxidant, in which 300 mg of (1%)ZrO x -MnCO 3 gave a complete conversion of BzOH within 30 min at Catalysts 2019, 9, 759 7 of 21 100 • C [39] . Therefore, for present work, the catalyst (1%)ZrO x -MnCO 3 was chosen with an aim of comparing the support effects. However, it is worth mentioning that initial studies were devoted to find out the suitable weight percentage of GRO (w/w %) in the catalytic system in order to improve the catalytic performance. Primarily, we examined the catalytic activity of pure GRO for the selective oxidation of BzOH utilizing O 2 as a clean oxidant at 100 • C. It was observed that GRO is not an effective catalyst for the BzOH oxidation (Table 1 , entry 1). However, when the different percentages of GRO were incorporated into the catalytic system, i.e., (1%)ZrO x -MnCO 3 /(X%)GRO nanocomposites (where: X = 1, 3, 5, and 7), it was found to have a considerable impact on the catalytic efficiency. The best catalytic efficacy was obtained with 1% GRO inclusion. The attained results are compiled in Table 1 and presented in Figure 7 . an aim of comparing the support effects. However, it is worth mentioning that initial studies were devoted to find out the suitable weight percentage of GRO (w/w %) in the catalytic system in order to improve the catalytic performance. Primarily, we examined the catalytic activity of pure GRO for the selective oxidation of BzOH utilizing O2 as a clean oxidant at 100 °C. It was observed that GRO is not an effective catalyst for the BzOH oxidation (Table 1 , entry 1). However, when the different percentages of GRO were incorporated into the catalytic system, i.e., (1%)ZrOx-MnCO3/(X%)GRO nanocomposites (where: X = 1, 3, 5, and 7), it was found to have a considerable impact on the catalytic efficiency. The best catalytic efficacy was obtained with 1% GRO inclusion. The attained results are compiled in Table 1 and presented in Figure 7 . According to Table 1 , it was observed that the catalyst, i.e., (1%)ZrOx-MnCO3, gave a 74.4% conversion of BzOH within 7 minutes (Table 2, entry 2). Nevertheless, after further modifications, the doping of the catalytic system with (1%) GRO, i.e., (1%)ZrOx-MnCO3/(1%)GRO nanocomposite, was found to be the optimum catalyst among all other catalysts with various percentages of GRO. The (1%)ZrOx-MnCO3/(1%)GRO nanocomposite yielded a 100% BzOH conversion after an extremely short period of just 7 minutes as well as superior specific activity of 57.1 mmol/g.h (Table 1, entry 3 ). Furthermore, it was observed that upon increasing the amount of GRO to 3%, a slight reduction in the conversion of BzOH to 96.1% was found (Table 1, entry 4). Further increasing the GRO to 5% and 7% in the catalyst system yielded a further reduction in the conversion product to 84.7% and 68.1%, respectively, under similar circumstances (Table 1, entries 5 and 6). The decrease in catalytic efficiency on increasing the GRO could be possibly ascribed to wrapping of the catalyst surface, According to Table 1 , it was observed that the catalyst, i.e., (1%)ZrO x -MnCO 3 , gave a 74.4% conversion of BzOH within 7 min (Table 2, entry 2). Nevertheless, after further modifications, the doping of the catalytic system with (1%) GRO, i.e., (1%)ZrO x -MnCO 3 /(1%)GRO nanocomposite, was found to be the optimum catalyst among all other catalysts with various percentages of GRO. The (1%)ZrO x -MnCO 3 /(1%)GRO nanocomposite yielded a 100% BzOH conversion after an extremely short period of just 7 min as well as superior specific activity of 57.1 mmol/g·h (Table 1, entry 3 ). Furthermore, it was observed that upon increasing the amount of GRO to 3%, a slight reduction in the conversion of BzOH to 96.1% was found (Table 1, entry 4). Further increasing the GRO to 5% and 7% in the catalyst system yielded a further reduction in the conversion product to 84.7% and 68.1%, respectively, under similar circumstances (Table 1, entries 5 and 6). The decrease in catalytic efficiency on increasing the GRO could be possibly ascribed to wrapping of the catalyst surface, which results in blocking the active sites of the catalyst. Meanwhile, the selectivity towards benzaldehyde (BzH) was almost constant throughout oxidation processes (>99%) ( Table 1 , entries 1-6). Hence, it can be stated that the GRO plays a fundamental role in improving the effectiveness of this transformation. Furthermore, in order to ascertain that the change in catalytic efficiency was mainly due to the inclusion of GRO and not just due to the milling procedure that was carried out for the preparation of the nanocomposite, a reaction was carried out using the catalyst without GRO, i.e., (1%)ZrO x -MnCO 3 , which was subjected to the same ball milling procedure and from the results obtained it was confirmed that the milling procedure contributes slightly (2%) to the enhancement of catalytic performance. However, the inclusion of GRO induces a significant difference in the catalytic performance. The graphical representation of the results obtained is given in Figure S2 .
Impact of Different Graphene Supports
Based on our previous study, we also compared the performance of ZrO x NPs/MnCO 3 deposited on different graphene supports (i.e., GRO and HRG) for BzOH oxidation in order to comprehend the function of the graphene support. The attained results are outlined in Table 2 and presented in Figure 8 . The results revealed that the MnCO 3 without ZrO x yielded a 42% conversion of BzOH after 7 min, but after incorporating it with 1 wt.% of ZrO x in MnCO 3 , i.e., (1%)ZrO x -MnCO 3 , the effectiveness was noticeably enhanced and afforded a 74% conversion of alcohol under similar conditions ( Table 2 , entries 3 and 4). This was further increased to 100% conversion when 1% (w/w) of graphene oxide (GRO) was used as a catalyst support, i.e., (1%)ZrO x -MnCO 3 /(1%)GRO nanocomposite. This catalyst exhibited a significantly higher performance, yielding a complete BzOH conversion within an extremely short time of 7 min with a higher specific activity of 57.1 mmol/g·h ( Table 2 , entry 6). The enhanced catalytic performance of the catalyst using the GRO support could be due to the fact that GRO provides various oxygen-containing functional groups, which help achieve uniform and homogenous binding of ZrO x -MnCO 3 onto the GRO. In return, the surface stabilization of the support (GRO) avoids the agglomeration of GRO sheets. This helps in increasing the surface area overall. In the present manuscript, the surface area of (1%)ZrO x -MnCO 3 /(1%)GRO (230 m 2 /g) was higher than the unsupported catalyst, i.e., (1%)ZrO x -MnCO 3 (134 m 2 /g) and (1%)ZrO x -MnCO 3 /(1%)HRG (211 m 2 /g). These factors contributed to an enhancement of the overall catalytic efficacy upon inclusion of GRO.
Notably, upon comparing the results obtained with the catalytic performance of the HRG-incorporated catalyst system, i.e., (1%)ZrO x -MnCO 3 /(1%)HRG nanocomposite, reported earlier [52] . It was found that the (1%)ZrO x -MnCO 3 /(1%)HRG nanocomposite exhibited less catalytic activity. (1%)ZrO x -MnCO 3 /(1%)HRG yielded a 95.1% alcohol conversion with 54.3 mmol/g·h specific activity within 7 min at 100 • C, whereas (1%)ZrO x -MnCO 3 /(1%)GRO nanocomposite yielded 100% alcohol conversion with 57.1 mmol/g.h specific activity under identical conditions ( Table 2 , entry 5 and 6). The better performance of the catalyst using GRO support could be attributed to more homogenous growth of ZrO x -MnCO 3 onto the support due to the presence of oxygenated functional groups, which also acts as a nucleation site. However, in case of HRG support, the nucleation sites are less in number, which results in more agglomerated growth of the active catalyst. We can conclude that the use of a GRO support for the preparation of metal oxide-based catalysts could be beneficial for homogeneous growth of the catalyst on the surface. Commonly, the reaction temperature plays a fundamental role in the catalytic protocol and has an explicit effect on the efficiency and selectivity of a catalyst. Hence, the influence of temperature on BzOH oxidation was also estimated by varying the temperature from RT to 100 • C in the presence of the catalysts [MnCO 3 , (1%)ZrO x -MnCO 3 , and (1%)ZrO x -MnCO 3 /(1%)GRO] by keeping the other parameters unchanged. The results obtained from the catalytic tests are depicted in Figure 9 . The results displayed that the catalytic performance of all catalysts used in this study positively depend on the reaction temperatures.
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Commonly, the reaction temperature plays a fundamental role in the catalytic protocol and has an explicit effect on the efficiency and selectivity of a catalyst. Hence, the influence of temperature on BzOH oxidation was also estimated by varying the temperature from RT to 100 °C in the presence of the catalysts [MnCO3, (1%)ZrOx-MnCO3, and (1%)ZrOx-MnCO3/(1%)GRO] by keeping the other parameters unchanged. The results obtained from the catalytic tests are depicted in Figure 9 . The results displayed that the catalytic performance of all catalysts used in this study positively depend on the reaction temperatures. Meanwhile, a selectivity of >99% toward BzH was obtained for all catalysts. According to Figure 9 , the best catalyst exhibited highest effectiveness is the (1%)ZrOx-MnCO3/(1%)GRO nanocomposite. At RT, a relatively low BzOH conversion of 38.2% was detected. As anticipated, a higher temperature contributed to a higher performance and led to a marked enhancement in the efficiency of the catalyst. At elevated temperatures (100 °C), a full alcohol conversion was achieved under identical conditions. The optimum performance within the conditions assessed was accomplished with a temperature of 100 °C. So, it was selected for further optimization studies. Meanwhile, a selectivity of >99% toward BzH was obtained for all catalysts. According to Figure 9 , the best catalyst exhibited highest effectiveness is the (1%)ZrO x -MnCO 3 /(1%)GRO nanocomposite. At RT, a relatively low BzOH conversion of 38.2% was detected. As anticipated, a higher temperature contributed to a higher performance and led to a marked enhancement in the efficiency of the catalyst. At elevated temperatures (100 • C), a full alcohol conversion was achieved under identical conditions. The optimum performance within the conditions assessed was accomplished with a temperature of 100 • C. So, it was selected for further optimization studies.
Commonly, the reaction temperature plays a fundamental role in the catalytic protocol and has an explicit effect on the efficiency and selectivity of a catalyst. Hence, the influence of temperature on BzOH oxidation was also estimated by varying the temperature from RT to 100 °C in the presence of the catalysts [MnCO3, (1%)ZrOx-MnCO3, and (1%)ZrOx-MnCO3/(1%)GRO] by keeping the other parameters unchanged. The results obtained from the catalytic tests are depicted in Figure 9 . The results displayed that the catalytic performance of all catalysts used in this study positively depend on the reaction temperatures. Meanwhile, a selectivity of >99% toward BzH was obtained for all catalysts. According to Figure 9 , the best catalyst exhibited highest effectiveness is the (1%)ZrOx-MnCO3/(1%)GRO nanocomposite. At RT, a relatively low BzOH conversion of 38.2% was detected. As anticipated, a higher temperature contributed to a higher performance and led to a marked enhancement in the efficiency of the catalyst. At elevated temperatures (100 °C), a full alcohol conversion was achieved under identical conditions. The optimum performance within the conditions assessed was accomplished with a temperature of 100 °C. So, it was selected for further optimization studies. Figure 9 . Impact of temperature on the oxidation of BzOH using the as-prepared catalysts. Figure 9 . Impact of temperature on the oxidation of BzOH using the as-prepared catalysts.
Influence of Catalyst Quantity
The effect of the catalyst concentration on the selective oxidation of BzOH was examined by taking different amounts of catalysts (MnCO 3 , (1%)ZrO x -MnCO 3 , and (1%)ZrO x -MnCO 3 /(1%)GRO), while keeping the other factors unchanged. The obtained results are presented in Figure 10 . The data obtained distinctly illustrates that the alcohol conversion increased linearly as the quantity of catalysts increased from 0.05 to 0.3 g. Whereas, the BzH selectivity was almost constant during all oxidation reactions (>99%). For (1%)ZrO x -MnCO 3 /(1%)GRO nanocomposite, when the catalyst concentration increased from 0.05 to 0.3 g, the conversion markedly raised from 28.07% to 100% after only 7 min at 100 • C. This study illustrated that only 0.3 g of the catalyst was required for achieving full transformation of BzOH within a relatively short period. Hence, it could be deduced that the performances of the as-fabricated catalysts were linearly proportional to the catalyst quantity as demonstrated in Figure 10 .
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Catalyst Recovery
The catalyst recyclability is an essential aspect in the development of heterogeneous catalyst from both the scientific and industrial points of view. Reusability tests for (1%)ZrO x -MnCO 3 /(1%)GRO nanocomposite were conducted by recovering the catalyst using centrifugation. The collected solid catalyst was washed thoroughly using toluene and then dried at 100 • C for 4 h to activate the catalyst. The dried catalyst was utilized for a consequent run under the conditions optimized earlier.
The recycling results are demonstrated in Figure 11 . The results demonstrate that the synthesized catalyst could be recycled 10 times without any obvious change of its performance after each recycling run. The conversion of BzOH was reduced slightly from 100% to 85% after 10 consecutive runs, maybe due to the inevitable loss of catalyst during the retrieving step [53] . It is noteworthy to mention that selectivity towards BzH was almost unchanged (above 99%) during the recyclability of the catalysts.
These obtained data indicate that the as-prepared catalysts are resistant to deactivation in the selective oxidation of BzOH. In order to overrule the mass-transport limitations of catalytic reactions during the recyclability study, this study was repeated under reaction conditions designed to yield a product less than 50%, which revealed an almost similar trend for the conversion of benzyl alcohol after three consecutive cycles. The data is provided in the Supplementary Material as Figure S3 . We believe that in the present study, the mass transport limitations did not impact the catalytic efficiency. This could be because we did not use mesoporous materials nor thin films, where the substrate and product need to diffuse in and out. Here, in this study, the reaction took place at the surface of nanomaterials, which minimizes the effect of mass-transfer on the rate of reaction. 
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Furthermore, to further show the remarkable catalytic efficiency of the (1%)ZrOx-MnCO3/(1%)GRO nanocomposite, this catalytic protocol was compared with other previously reported graphene-based catalysts as presented in Table 3 . The results revealed that, among all the listed graphene-based catalysts, the (1%)ZrOx-MnCO3/(1%)GRO is the most efficient catalyst for BzOH oxidation in terms of conversion, reaction period, and specific activity. The (1%)ZrOx-MnCO3/(1%)GRO nanocomposite exhibited full conversion of BzOH and <99% BzH selectivity after a short time (7 minutes) with perfect specific activity (57.1 mmol/g.h). As displayed in Table 3 , other graphene-based catalysts exhibited a relatively longer time for a full transformation of BzOH and the (1%)ZrOx-MnCO3/(1%)GRO nanocomposite had the highest specific activity (57.1 mmol/g.h). Furthermore, to further show the remarkable catalytic efficiency of the (1%)ZrO x -MnCO 3 /(1%)GRO nanocomposite, this catalytic protocol was compared with other previously reported graphene-based catalysts as presented in Table 3 . The results revealed that, among all the listed graphene-based catalysts, the (1%)ZrO x -MnCO 3 /(1%)GRO is the most efficient catalyst for BzOH oxidation in terms of conversion, reaction period, and specific activity. The (1%)ZrO x -MnCO 3 /(1%)GRO nanocomposite exhibited full conversion of BzOH and <99% BzH selectivity after a short time (7 min) with perfect specific activity (57.1 mmol/g·h). As displayed in Table 3 , other graphene-based catalysts exhibited a relatively longer time for a full transformation of BzOH and the (1%)ZrO x -MnCO 3 /(1%)GRO nanocomposite had the highest specific activity (57.1 mmol/g·h). 
General Applicability
In order to demonstrate the generality of the (1%)ZrO x -MnCO 3 /(1%)GRO catalyst, several aromatic, aliphatic, allylic, heterocyclic, primary, and secondary alcohols were subjected to oxidation using O 2 as an environmentally benign oxidant under optimal conditions ( Table 4 , entries 1-37). The obtained data are summarized in Table 4 . To our delight, all aromatic alcohols were transformed smoothly to their corresponding aldehydes in full conversions after short times without any detectable further oxidation to carboxylic acids ( Table 4 , entries 1-22). The oxidation of the aromatic alcohols was significantly influenced by the electronic properties of the groups on the phenyl group. Usually, the benzylic alcohols, which were substituted with electron-releasing groups, exhibited higher activity than the alcohols carrying electron-withdrawing groups [54] . The higher catalytic efficiency in the case of alcohols possessing electron-releasing substituents could be due to the sufficient electron density in the active center by comparing the substrates containing electron-withdrawing substituents. For instance, oxidation of aromatic alcohol-carrying electron-releasing substituents, like 4-methoxybenzyl alcohol, yielded full conversion after 7 min ( Table 4 , entry 2), while oxidation of alcohol containing an electron-withdrawing substituent, like 4-nitrobenzyl alcohol, gave 100% conversion after a relatively longer time (13 min) ( Table 4 , entry 15). Besides, it was found that para-substituted benzyl alcohols possess higher activities compared to ortho-and meta-positions. That might due to the para-derivative having the lowest steric hindrance by compared with the other positions [49] , such as para-nitrobenzyl alcohol, was fully oxidized to para-nitrobenzaldehyde within just 13 min, while meta-and ortho-nitrobenzyl alcohol were fully converted after a longer time of 15 and 18 min, respectively ( Table 4 , entries 17 and 19). In addition, steric resistance is also another fundamental factor that affects the oxidation rate. The bulky substituents (e.g., 2,3,4-Trimethoxy, 2,4-Dicloro, and 2,3,4,5,6-Pentaflouro) connected to the aromatic alcohol reduces the oxidation rate and required a longer period, which could be due to the steric hinderance that hinders the oxidation of bulky alcohols (Table 4 , entries 16,18,20) [65] . Regarding allylic alcohols, cinnamyl alcohol was selectively oxidized to cinnamaldehyde in a relatively short period of 12 min (Table 4, entry 23 ). Furthermore, a furfuryl alcohol as an example of heterocyclic alcohols was fully converted to furfural within 22 min with >99% furfural selectivity ( Table 4, entry 24) .
Almost, all aromatic secondary alcohols were selectively converted to their respective ketones with entire conversion under similar circumstances (Table 4 , entries [25] [26] [27] [28] [29] [30] . As an example, diphenylmethanol was transformed into its respective ketone with 100% conversion within only 8 min, whereas 4-chloro-diphenylmethanol yielded 100% conversion after a relatively longer time of 10 min. This was probably due to 4-chloro-diphenylmethanol carrying an electron-withdrawing substituent that deactivates the aromatic ring by reducing the electron density (Table 4 , entries 26 and 27) .
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Materials and Methods
Preparation of GRO
Firstly, GRO was synthesized from pristine graphite using the Hummers procedure [66] .
Preparation of (1%)ZrOx-MnCO3/GRO Nanocomposite
The ZrOx-doped MnCO3 was synthesized using the co-precipitation method. Briefly, stoichiometric amounts of Mn(NO3)2 and Zr(NO3)2 were dissolved in distilled water (100 mL) followed by the addition of a solution of sodium hydrogen carbonate (0.5 M) at 100 °C, until the pH of the solution reached 9, then the solution was left to stir for 3 hours. The stirring was continued overnight at room temperature (RT). The reaction mixture was filtered using centrifugation and dried at 70 °C overnight. The obtained product was calcined in a muffle furnace at 300 °C. Then, the previously synthesized GRO dried at 70 °C was incorporated in the ZrOx-doped MnCO3 by milling in order to obtain the desired (1%)ZrOx-MnCO3/GRO nanocomposite. It is worth mentioning that if GRO was introduced prior to calcination, there was a loss of weight and catalytic efficiency.
Characterization
The as-fabricated nanocomposites were analyzed using different spectroscopic, microscopic, and X-ray-based characterization instruments.
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Materials and Methods
Preparation of GRO
Preparation of (1%)ZrOx-MnCO 3 /GRO Nanocomposite
The ZrO x -doped MnCO 3 was synthesized using the co-precipitation method. Briefly, stoichiometric amounts of Mn(NO 3 ) 2 and Zr(NO 3 ) 2 were dissolved in distilled water (100 mL) followed by the addition of a solution of sodium hydrogen carbonate (0.5 M) at 100 • C, until the pH of the solution reached 9, then the solution was left to stir for 3 hours. The stirring was continued overnight at room temperature (RT). The reaction mixture was filtered using centrifugation and dried at 70 • C overnight. The obtained product was calcined in a muffle furnace at 300 • C. Then, the previously synthesized GRO dried at 70 • C was incorporated in the ZrO x -doped MnCO 3 by milling in order to obtain the desired (1%)ZrO x -MnCO 3 /GRO nanocomposite. It is worth mentioning that if GRO was introduced prior to calcination, there was a loss of weight and catalytic efficiency.
Characterization
Catalytic Tests
The experimental method used for the alcohol oxidation is described in our previously reported paper [52] Briefly, a solution of benzyl alcohol in toluene and catalyst was heated to reflux temperature and oxygen was bubbled through the solution. Periodically, the reaction mixture was collected and subjected to GC analysis and the conversion was monitored.
